Although giant cell tumor of bone (GCT) is characterized by the extensive multinucleated giant cells among mononuclear stromal cells , proliferation of these cells and multinucleation are not without limit in certain cases . Few studies on oncogenesis of GCT have focused on the negative growth control, including growth arrest and apoptosis . The purpose of this study was to investigate the mechanism of cell death in multinucleated giant cells and stromal cells of OCT. In this study, we have demonstrated that GCT cells can undergo apoptosis . The cells in surgical specimen were positively stained in situ nick end labeling methods , and electron micrographs showed the morphological changes associated with apoptosis in some of stromal cells and multinucleated giant cells. A candidate responsible for this apoptosis was then examined using cultured GCT cells. We focused on Fas that is a major trigger of apoptosis . Cultured GCT cells expressed detectable amount of Fas on their surface . Although GCT cells did a little undergo apoptosis following treatment with anti-Fas alone , combination treatment with cyclohexamide led to an increase in apoptosis of the GCT cells. These data suggested that the sensitizing activity of cyclohexamide on anti-Fas mediated cytotoxicity could happen in vitro .
INTRODUCTION
There are still many unknown issues in giant cell tumor of bone (GCT). The extent of bone destruction is variable case by case; some GCTs are, like aneurysmal bone cysts or malignant bone tumors, in a progressing state invading into the surrounding soft parts, and some are, in a steady state achieved by a balance between bone destruction and formation [1] . GCT is histologically composed of multinucleated giant cells, mononuclear stromal cells of histiocytic and fibroblastic types, and other cells, and their composition has been variable, case by case [2] . The multinucleated giant cells in GCT are characterized by their extraordinarily large number of nuclei compared to those of osteoclasts or giant cells responsive to foreign bodies. However , this multinucleation is not without limit; in certain cases, multinucleated cells are small and have only several nuclei [3] . A careful histological examination of GCT has demonstrated that there are some small multinucleated giant cells and mononuclear stromal cells undergoing degeneration [2] . They have eosinophilic and vacuolated cytoplasm and picnotic nuclei. Focal necrotic areas are scattered in some cases [4, 3] .
Studies on GCT have mainly been performed in terms of the mechanism by which the tumor grows and destroys bone tissue [5, 6] . However, the mechanism by which the tumor growth is repressed remains unknown [2] [3] [4] , and research is necessary to understand the pathophysiology of GCT. It is generally known that neoplastic transformation of cells leads to an increased tendency to apoptosis . We have thus hypothesized that apoptosis of multinucleated giant cells and stromal cells might increase in GCT to regulate the tumor regression. In this study, we examined the possibility that apoptosis occurred in GCT, using morphological and biochemical techniques. Fas is a 45-kD cell surface glycoprotein that transducer cellular death signals for apoptosis in certain neoplastic cells [7] . We also studied the expression of Fas and the susceptibility/resistance of GCT cells to Fas-mediated apoptosis.
MATERIALS AND METHODS

Surgical specimen
Specimens were obtained from four patients with GCT. They were named as GM, GT, GY, and GI: GM of a 25-year-old male and GI of a 23-year-old male were found in the distal femur. The case of GT originated from the proximal humerus and extended to the surrounding soft parts of a 27-year-old male. The GY-case was in the distal femoral metaphysis and epiphysis of a 62-year-old female. The tumor destroyed the cortex and extended to the surrounding muscles.
These samples were prepared for investigations such as morphology and cell culture.
In situ nick end labeling methods GCT cells (1.0X104 cells/well) was seeded onto a 96-well plate (Falcon) and cultured for 24 hrs. Then the culture medium was exchanged for 100 pl of culture medium containing 200 ng/ml anti-Fas (IgM, clone CH-11, MBL, Nagoya, Japan) with or without I to 10 ,g/ml cyclohexamide (CHX), and the cells were cultured for 12 hrs. The MTT (3,(4,5-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide) assay [11] was performed to examine the effects of anti-Fas on cell viability. 
Statistics
The significance of any difference was analyzed using Student's t test (two-tailed).
RESULTS
In situ nick end labeling method
A large number of the nuclei of each of multinucleated giant cells and of stromal cells were positively stained (Fig. 1) . There was no difference in staining between histiocytic and fibroblastic stromal cells. Positive granules were localized to the nuclei of both stromal and multinucleated cells and not found in the cytoplasm. As a negative control, phosphate-buffered saline was substituted for TdT containing digoxigenin-labeled dUTP and dATP, which resulted in no staining. GCT cells were cultured in medium containing 200 ng/ml anti-Fas (IgM, clone CH-11) with 5 pg/ml CHX, and morphological changes were examined using microscopy and electron microscopy. The ultrastructural studies were performed after the 6 hrs treatment. A certain number of cells became shrunken and detached by this procedure, and ultrastructural examinations were performed only on cells remaining attached.
Cell cycle analysis Cells were treated with 200 ng/ml anti-Fas (IgM, clone CH-11) with 5 pg/ml CHX for 18 hrs. Treated and control untreated cells were released from the levels of toxicity in GM and GI cases.
Morphometric evaluation
An examination using phase-contrast microscopy revealed that the cells treated with anti-Fas and CHX became detached, round, and floated in the culture medium within 12 hrs after initiation of treatment (Fig. 7 ). An ultrastructural examination of cells treated by anti-Fas and CHX for 6 hrs revealed shrunken cells with paucity of cytoplasmic organelles, vacuoles, nuclear shrinking accompanied by margination and condensation of the chromatin, and large round PI staining revealed a progressive decrease in the diploid peak and an increase in the number of hypoploid cells. This was a pattern of DNA fragmentation suggesting induction of apoptosis in the treated cells (Fig. 9) .
DISCUSSION
Apoptosis is the normal mechanism of cell deletion in embryonic development, metamorphosis, hormone-dependent atrophy of tissues, and in lymphocyte maturation in the thymus [ 13, 14] . Its execution plays a major role in the control of shape and size in normal and abnormal processes [15] . Apoptosis exerts a homeostatic function in relation to tissue dynamics, as the steady state of continuously renewing tissues is achieved by a balance between cell replication and cell death. Apoptosis has also been demonstrated in cells in response to glucocorticoids [1 6,17] , to various chemotherapeutic agents [18, 19] , and in response to radiation [20, 21] . Spontaneous apoptosis is a feature of some tumors and is implicated in the mechanism for regulating tumor growth and maintaining homeostasis [22, 23] . Apoptotic cells are physiologically and morphologically different from necrotic cells. In the early stages of apoptosis, the cell rounds up, severs connections with neighboring cells, and loses its microvilli. The cytoplasm and nuclei characteristically form dense blebs. Chromatin condensation in the apoptotic nucleus is associated with endogenous endonuclease activity [16, 24] . The apoptotic fragments are engulfed, either by neighboring cells, or macrophages, within which they undergo hydrolytic phagocytotic degradation [22] .
In this study, we have demonstrated clearly for the first time that GCT cells can undergo apoptosis, characterized by both ultrastructural changes and DNA fragmentation. Apoptosis, a negative control mechanism, seems to be present in GCT to regulate tumor growth. As a candidate for the factor that triggers apoptosis in GCT, we have demonstrated the Fas antigen in stromal cells. The presence of Fas on osteoclastic giant cells in GCT has been previously suggested [25] . The Fas antigen is an apoptosisrelated protein generally located on the cell surface, which encodes a transmembrane signaling domain. The Fas antigen belongs to the same family of proteins as tumor necrosis factor (TNF) receptor, nerve growth factor, CD40, CD27, and CD30 [7, 26] . The 80-amino-acid cytotoxicity-signaling domain (death domain) within a TNF-receptor contains a region of 65 amino acids that shares a 28% homology with a region within the intracellular domain of the Fas antigen [27] . Although this homology is not extensive, the Fas antigen can signal apoptosis similar to that signaled by the TNF-receptor [7] . Multinucleated giant cells in GCT were reported to be positive for TNF, whereas stromal cells were negative for TNF [28, 6] . Neale [25] demonstrated absence of TNF receptor on multinucleated giant cells. Therefore, a paracrine mechanism of TNF against stromal cells might be present in multinucleated giant. It is also possible that Fas-mediated apoptosis in GCT is due to the action of cytotoxic T cells (CTLs). It has been demonstrated that CTLs express the Fas ligand on their surface and that the interaction of the Fas ligand with Fas on target cells induces apoptosis [29] .
Despite the presence of detectable Fas, GCT cells did a little undergo apoptosis following treatment with the anti-Fas antibody in vitro. Two different potential mechanisms of resistance are considered. The first one occurs at a pre-receptorial level and involves the production of a soluble, secreted and potentially neutralizing form of Fas [9] . In the present study, a soluble form of Fas was demonstrated in cultured GCT cells. However, the amount of variant transcript was very small compared to normal Fas transcript.
The second mechanism of resistance, which is post-receptorial, was overcome by CHX. It was reported that CHX could increase the sensitivity of many cell types to apoptosis induced by both TNFa and anti-Fas [30, 31] . To evaluate whether the increase in Fas expression on the GCT cell surface was the mechanism by which CHX rendered GCT cells sensitive to anti-Fas, we have analyzed the Fas expression after CHX pretreatment, and found this was not the mechanism (data not shown). The simplest explanation for this sensitizing effect is interpreted as the consequence of the inhibition of the synthesis of short-lived proteins having the ability to protect the target cell from TNF a or Fas-induced apoptosis. However, it has been reported that this sensitizing effect of CHX can take place even at concentrations that are far lower than that required for efficient blocking of protein synthesis [32] . An alternative explanation is that CHX can act to modulate cellular signaling properties. It 
